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T h e  D e p a r t m e n t  o f  H o r t i c u l t u r e  g r a t e f u l l y  a c k n o w l e d g e s  t h e  c o ­
o p e r a t i o n  a n d  f i n a n c i a l  h e l p  o f  t h e  U n i v e r s i t y  o f  I l l i n o i s  G e r o n t o ­
l o g i c a l  C o m m i t t e e  i n  d e v e l o p i n g  t h e  m a t e r i a l  i n  t h i s  c i r c u l a r .  
A l t h o u g h  t h i s  c i r c u l a r  w a s  o r i g i n a l l y  d e s i g n e d  a s  p a r t  o f  a  p r o g r a m  
t o  p r o v i d e  l e i s u r e - t i m e  h o r t i c u l t u r a l  a c t i v i t i e s  f o r  o l d e r  p e o p l e ,  a s  
t h e  w o r k  p r o g r e s s e d  i t  s o o n  b e c a m e  e v i d e n t  t h a t  p e o p l e  o f  a l l  a g e s  
c o u l d  e n j o y  p l a n t  b r e e d i n g  a s  a  h o b b y .  T h u s  t h i s  c i r c u l a r  c a n  b e  
u s e d  b y  " s e n i o r  c i t i z e n s "  i n t e r e s t e d  i n  e x p e r i m e n t i n g  w i t h  p l a n t s  
a n d  b y  a n y  o t h e r  i n t e r e s t e d  p e r s o n  o r  g r o u p  a s  w e l l .  W o r k  i s  n o w  
i n  p r o g r e s s  o n  p r e p a r i n g  i n f o r m a t i o n  o n  a d d i t i o n a l  h o r t i c u l t u r a l  
h o b b i e s ,  s u c h  a s  p l a n t  g r o w t h  r e g u l a t o r s  a n d  h y d r o p o n i c s .  
C .  J .  B I R K E L A N D  
H e a d ,  D e p a r t m e n t  
o f  H o r t i c u l t u r e  
Plant Breeding as a Hobby 
BREEDING PLANTS to create new varieties and improve upon old ones is a hobby that nearly everyone can engage in. The cross­
ing techniques are easy to learn and you can experiment with many 
kinds of plants. Generally, amateur plant breeders work with traits 
that are fairly easy to change - for example, flower color, fruit shape, 
or plant size. Nevertheless, although your experiment may be simple, 
it is possible for you to produce unusual or beautiful plants. 
In order to breed plants successfully it is important to understand 
the principles of plant reproduction. The purpose of this circular is 
to explain these principles and to describe some of the simple tech­
niques that you can use to produce new varieties or strains of plants. 
Plant Selection 
Plant characteristics can be changed after many generations by a 
process of selection. There are two types of selection - natural and 
artificial. 
Natural selection is the process that occurs in nature whereby 
strong and well-adapted plants survive while weak and poorly adapted 
plants eventually die out. This process has taken place since the be­
ginning of life on earth and it is still occurring in nature. 
Artificial selection is the process that man uses to obtain more 
desirable types of plants. Thousands of years ago primitive man 
learned that if he saved seed from the kind of plant he wanted to 
continue growing, he increased his chances of getting a plant similar 
to the original. But he didn't know what his chances were nor did he 
understand the processes by which traits were changed or maintained. 
It wasn't until the eighteenth and nineteenth centuries that man be­
gan to understand the laws of heredity and the processes of plant 
reproduction. Even today these fundamentals aren't completely un­
derstood. But enough is known so that man is able to select plants for 
breeding with considerably more assurance of success than his primi­
tive ancestors had. 
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F u n d a m e n t a l s  o f  P l a n t  R e p r o d u c t i o n  
K i n d s  o f  r e p r o d u c t i o n  
P l a n t s  r e p r o d u c e  i n  t w o  w a y s  - a s e x u a l l y  a n d  s e x u a l l y .  
A s e x u a l ,  o r  v e g e t a t i v e ,  r e p r o d u c t i o n  o c c u r s  w i t h o u t  t h e  f u s i o n  o f  
g e r m  ( r e p r o d u c t i v e )  c e l l s .  I n  g a r d e n  p l a n t s ,  a s e x u a l  r e p r o d u c t i o n  
o c c u r s  w h e n  a  p a r t  o f  t h e  p l a n t  i s  s e p a r a t e d  f r o m  t h e  p a r e n t  p l a n t  
a n d  d e v e l o p s  i n t o  a  c o m p l e t e  p l a n t ,  a s  w h e n  s t r a w b e r r i e s  p r o d u c e  
r u n n e r s  w h i c h  t a k e  r o o t  a n d  f o r m  n e w  s t r a w b e r r y  p l a n t s .  A s e x u a l  
r e p r o d u c t i o n  c a n  b e  b r o u g h t  a b o u t  a r t i f i c i a l l y  b y  m e a n s  o f  l e a f  
c u t t i n g s ,  s t e m  c u t t i n g s ,  r o o t  c u t t i n g s ,  e t c .  P l a n t s  t h a t  o r i g i n a t e  f r o m  
a s e x u a l  r e p r o d u c t i o n  a r e  u s u a l l y  i d e n t i c a l  t o  t h e  p a r e n t  p l a n t .  
S e x u a l  r e p r o d u c t i o n  i n v o l v e s  t h e  u n i o n  o f  a  m a l e  a n d  a  f e m a l e  
g e r m  c e l l .  F r o m  t h i s  u n i o n  a  s e e d  - a n d  u l t i m a t e l y  a  n e w  p l a n t  ­
i s  p r o d u c e d .  S e x u a l  r e p r o d u c t i o n  i s  t h e  m o s t  c o m m o n  t y p e  o f  r e p r o ­
d u c t i o n  f o r  g a r d e n  p l a n t s .  T h e  p l a n t s  o r i g i n a t i n g  f r o m  s e x u a l  r e ­
p r o d u c t i o n  a r e  o f t e n  q u i t e  d i f f e r e n t  f r o m  t h e i r  p a r e n t s  a n d  f r o m  e a c h  
o t h e r .  B e c a u s e  o f  t h i s  p o s s i b i l i t y  f o r  v a r i a t i o n ,  s e x u a l  r e p r o d u c t i o n  
o f  p l a n t s  i s  t h e  m e t h o d  u s e d  b y  p l a n t  b r e e d e r s  i n  d e v e l o p i n g  n e w  
s t r a i n s  a n d  v a r i e t i e s .  
P a r t s  o f  t h e  f l o w e r  
S e x u a l  r e p r o d u c t i o n  o f  p l a n t s  i s  c a r r i e d  o n  i n  t h e  f l o w e r .  T h e  
r e p r o d u c t i v e  o r g a n s  o f  t h e  f l o w e r  a r e  t h e  s t a m e n  a n d  p i s t i l  ( F i g .  1 ) .  
A  p a r t  o f  t h e  s t a m e n  c a l l e d  t h e  a n t h e r  p r o d u c e s  p o l l e n  g r a i n s ,  w h i c h  
c o n t a i n  m a l e  g e r m  c e l l s .  A t  t h e  b a s e  o f  t h e  p i s t i l  i s  t h e  o v a r y ;  i t  
p r o d u c e s  o v u l e s ,  w h i c h  c o n t a i n  t h e  f e m a l e  g e r m  c e l l s .  W h e n  t h e  
o v u l e s  a r e  f e r t i l i z e d  b y  t h e  m a l e  g e r m  c e l l s ,  t h e y  d e v e l o p  i n t o  s e e d s  i n  
t h e  o v a r y .  
T h e  p e t a l s ,  w h i c h  a d d  g r e a t l y  t o  t h e  b e a u t y  o f  f l o w e r s ,  s e r v e  s u c h  
u s e f u l  f u n c t i o n s  a s  a i d i n g  i n  p o l l i n a t i o n  a n d  p r o t e c t i n g  t h e  s e x  o r g a n s  
f r o m  p h y s i c a l  d a m a g e .  T h e  s e p a l s ,  w h i c h  o f t e n  a r e  g r e e n ,  c u p l i k e  
s t r u c t u r e s ,  s u p p o r t  t h e  p e t a l s  a n d  p r o t e c t  t h e  f l o r a l  p a r t s .  
T h e  f l o w e r  p a r t s  v a r y  g r e a t l y  i n  s i z e ,  s h a p e ,  c o l o r ,  a n d  n u m b e r ,  
b u t  g e n e r a l l y  i t  i s  e a s y  t o  d i s t i n g u i s h  t h e  p i s t i l  f r o m  t h e  s t a m e n s  ­
y o u  c a n  i d e n t i f y  t h e  s t a m e n s  b y  t h e  y e l l o w  p o w d e r  ( p o l l e n )  o n  t h e i r  
t i p s  a n d  t h e  p i s t i l  b y  a  b u l g e  ( t h e  o v a r y )  a t  i t s  b a s e .  O n  a n  u n u s u a l  
f l o w e r ,  h o w e v e r ,  i t  m i g h t  r e q u i r e  c a r e f u l  s t u d y  t o  t e l l  t h e m  a p a r t .  
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Parts of a flower. The flower shown here is a perfect flower; that is, it has 
male and female reproductive organs. The stamen is the male organ and the 
pistil is the female organ. (Fig. 1) 
Types of flowers 
Usually a plant's reproductive organs are arranged in one of three 
ways - as a perfect flower, as an imperfect flower, or as a com­
posite flower. 
A perfect flower contains both stamens and a pistil (Fig. 1). It 
is the most common type of flower. Some common perfect flowers 
are those of tomatoes, morning-glories, snapdragons, petunias, lilies, 
and irises. 
An imperfect flower (Fig. 2 ) contains only one type of sex organ. 
Those containing the pistil are called pistillate flowers; those con­
taining stamens are called staminate flowers. Both pistillate and 
staminate flowers may grow on the same plant, or the staminate flower 
may be on one plant and the pistillate flower on another. Examples 
of plants with pistillate and staminate flowers on the same plant are 
squash, corn, clematis, bittersweet, and begonias. Plants with stam­
inate and pistillate flowers on different plants include asparagus, 
spinach, willow, and cottonwood. 
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P I S T I L L A T E  F L O W E R  
T h e  f l o w e r s  o f  s q u a s h  a r e  i m ­
p e r f e c t ,  e a c h  f l o w e r  h a v i n g  o n l y  
o n e  t y p e  o f  s e x  o r g a n .  ( F i g .  2 )  
S T A M I N A T E  F L O W E R  
,
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C r o s s  s e c t i o n  o f  a  c h r y s a n t h e m u m .  C o m p o s i t e  f l o w e r s ,  s u c h  a s  c h r y s a n t h e m u m s ,  
a r e  m a d e  u p  o f  c l u s t e r s  o f  f l o r e t s .  S o m e  c o m p o s i t e  f l o w e r s  h a v e  b o t h  r a y  a n d  
d i s c  f l o r e t s  w h i l e  s o m e  h a v e  o n l y  r a y  f l o r e t s .  ( F i g .  3 )  
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A composite flower (Fig. 3 ) is actually a cluster of small flowers, 
called florets, joined together in what is called a flower head. The 
florets often resemble petals. Some florets have both stamens and 
pistils; they are called disc florets. Some have only pistils; they are 
called ray florets. A composite flower can be made up of only disc 
florets or of a combination of disc and ray florets. Typical composite 
flowers are zinnias, chrysanthemums, asters, and marigolds. 
Pollination and fertilization 
Pollination is the transfer of pollen from an anther to a stigma. 
When the anther is mature it splits open and discharges the pollen. 
The pollen is then carried to the stigma by various natural means, the 
most common being wind and insects. In plant breeding, pollination 
is carefully controlled by man. 
There are two kinds of pollen transfer - cross-pollination and 
self-pollination. In cross-pollination the pollen is transferred from the 
anther of a flower of one plant to the stigma of a flower of another 
plant. In self-pollination the pollen is transferred from the anther 
to the stigma of the same flower or to another flower of the same plant. 
Fertilization is the uniting of two germ cells. After the pollen has 
come to rest on the stigma, under favorable conditions the pollen 
develops a tube which grows downward through the style and into 
the ovule (Fig. 4 ) . It is in the ovule that the male and female germ 
cells unite. Once fertilization has occurred development of the ovule 
begins. The result is a seed. 
The parent flower that furnishes the pollen is called the pollen 
parent; the one that bears the seed is called the seed parent. 
Fertilization takes place when the 
male and female germ cells unite in 
the ovule. (Fig. 4 ) 
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H e r e d i t y  
P l a n t s  i n h e r i t  c h a r a c t e r i s t i c s  f r o m  t h e i r  p a r e n t s  i n  t h e  s a m e  w a y  
t h a t  a n i m a l s  d o .  T h e  l a w s  o f  h e r e d i t y  e x p l a i n  w h y  d i f f e r e n t  t r a i t s  
a r e  i n h e r i t e d  b y  o f f s p r i n g  o f  t h e  s a m e  p a r e n t s .  M o r e o v e r ,  t h e s e  l a w s  
m a k e  i t  p o s s i b l e  t o  p r e d i c t  t h e  n u m b e r  o f  o f f s p r i n g  t h a t  w i l l  i n h e r i t  a  
c e r t a i n  t r a i t .  A  k n o w l e d g e  o f  t h e  l a w s  o f  h e r e d i t y  i s  e s s e n t i a l  f o r  e f f e c ­
t i v e  p l a n t  b r e e d i n g .  
G e n e s .  A l l  c e l l s  c o n t a i n  g e n e s ,  w h i c h  a r e  t h e  u n i t s  t h a t  d e t e r m i n e  
t h e  t r a i t s  o f  a  p l a n t  o r  a n i m a l .  E x c e p t  f o r  t h e  g e r m  c e l l s ,  e a c h  c e l l  i n  
a  p l a n t  c o n t a i n s  t w o  g e n e s  f o r  e a c h  t r a i t  - f o r  e x a m p l e ,  f o r  t h e  t r a i t  
o f  c o l o r  a  p l a n t  c o u l d  h a v e  o n e  g e n e  f o r  y e l l o w  a n d  o n e  f o r  r e d .  T h e  
g e r m  c e l l s  h a v e  o n l y  o n e  g e n e  f o r  e a c h  t r a i t .  O f  t h e  t h o u s a n d s  o f  g e r m  
c e l l s  t h a t  a  p l a n t  p r o d u c e s ,  a b o u t  h a l f  h a v e  o n e  o f  t h e  g e n e s  f o r  e a c h  
t r a i t  a n d  a b o u t  h a l f  h a v e  t h e  o t h e r  g e n e .  
W h e n  t h e  m a l e  a n d  f e m a l e  g e r m  c e l l s  u n i t e  i n  t h e  o v u l e  e a c h  
c o n t r i b u t e s  o n e  g e n e  f o r  e a c h  t r a i t  s o  t h a t  t h e  n e w  s e e d  t h e n  h a s  t w o  
g e n e s  f o r  e a c h  t r a i t .  T h e  v a r i o u s  c o m b i n a t i o n s  o f  t h e  m a n y  g e n e s  
i n h e r i t e d  f r o m  t h e  p o l l e n  p a r e n t  a n d  f r o m  t h e  s e e d  p a r e n t  d e t e r m i n e  
t h e  t r a i t s  o f  t h e  o f f s p r i n g  a n d  o f  f u t u r e  g e n e r a t i o n s .  
Y o u  c a n ' t  t e l l  b y  l o o k i n g  a t  a  p l a n t  e x a c t l y  w h a t  g e n e s  i t  c o n t a i n s .  
F o r  e x a m p l e ,  a  p l a n t  m a y  h a v e  o n e  g e n e  f o r  r e d  a n d  o n e  f o r  y e l l o w ,  
b u t  o n l y  a  r e d  c o l o r  m a y  s h o w  i n  i t s  f l o w e r ;  b y  l o o k i n g  a t  t h e  p l a n t  
y o u  h a v e  n o  w a y  o f  k n o w i n g  a b o u t  t h e  g e n e  f o r  y e l l o w .  N e v e r t h e l e s s ,  
t h e  g e n e  f o r  y e l l o w  i s  p r e s e n t  i n  t h e  p l a n t ' s  c e l l s  a n d  s o m e  o f  t h e  
p l a n t ' s  o f f s p r i n g  w i l l  i n h e r i t  t h i s  g e n e ,  w h i c h  t h e y  i n  t u m  w i l l  p a s s  o n  
t o  t h e i r  o f f s p r i n g .  I f  t h e  p l a n t  a n d  i t s  o f f s p r i n g  a r e  s e l f - p o l l i n a t e d ,  
i n  t h e  f i r s t  o r  s e c o n d  g e n e r a t i o n s  f o l l o w i n g ,  d e p e n d i n g  o n  h o w  t h e  
g e n e s  i n t e r a c t ,  s o m e  o f  t h e  o f f s p r i n g  w i l l  p r o d u c e  y e l l o w  f l o w e r s .  
B y  o b s e r v i n g  t h e  o c c u r r e n c e  i n  t h e  o f f s p r i n g  o f  d i f f e r e n t  c o l o r s  ( o r  
o t h e r  t r a i t s  t h a t  y o u  a r e  i n t e r e s t e d  i n )  y o u  c a n  f i n d  o u t  w h a t  g e n e s  
t h e  p a r e n t  p l a n t s  h a v e  a n d  h o w  t h e y  i n t e r a c t .  W i t h  t h i s  k n o w l e d g e ,  
y o u r  p l a n t - b r e e d i n g  j o b  w i l l  b e  g r e a t l y  s i m p l i f i e d .  
I f  a  p l a n t  t h a t  i s  s e l f - p o l l i n a t e d  p r o d u c e s  o f f s p r i n g  i d e n t i c a l  t o  
i t s e l f ,  t h e n  i t  i s  s a i d  t o  b r e e d  t r u e .  I f  t h e  f i r s t - g e n e r a t i o n  o f f s p r i n g  a r e  
n o t  a l l  i d e n t i c a l  t o  t h e  p a r e n t  p l a n t ,  t h e n  i t  i s  s a i d  t h a t  s e g r e g a t i o n  
h a s  o c c u r r e d .  
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Seed parent 
R I R 
Each square represents one seed r Rr Rr
of the Fl generation. Each seed 
inherits a gene for red (R) Pollen 
from one parent and a gene for parentyellow (r) from the other. 
(Fig. 5) r Rr Rr 
How genes interact. In the following discussion, we will assume 
that we have crossed two true-breeding plants, one having two genes 
for red-colored flowers and the other having two genes for yellow­
colored flowers. The offspring of this cross are called the first filial 
or F1 generation. Figure 5 illustrates the ways in which the genes of 
the pollen parent can combine with those of the seed parent. Each 
square represents one seed. In the diagram the letter R represents the 
gene for red color and the letter r represents the gene for yellow color. 
As shown in Fig. 5, each F1 plant will inherit a gene for red from one 
parent and a gene for yellow from the other parent. 
When the F1 plants are self-pollinated, or "selfed," their genes can 
combine in four different ways. Figure 6 illustrates the four possible 
combinations. The offspring resulting from the self-pollination of the 
F1 generation are called the second filial or F.2 generation. 
As shown in Fig. 6, out of every four seeds that are produced we 
may expect one seed that will have two genes for red (RR ), two 
seeds that will have one gene for red and one gene for yellow (Rr) , 
and one seed that will have two genes for yellow (rr). (This ratio, 
like all ratios concerning probability, is based on large numbers. If 
tl).ere l;tre only a small number of seeds, the ratio may vary somewhat 
from the one given above. However, for large numbers of seeds, the 
above ratio will hold true.) 
If a seed contains two genes for the same color, it is said to be 
pure for that trait and the resulting flower will show that color. For 
example, in Fig. 6 the seeds containing two genes for the color red 
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S e e d  p a r e n t  
R  I  r  
R  R R  
R r  
W h e n  t h e  F 1  p l a n t  i s  s e l f e d  
s e g r e g a t i o n  o c c u r s ,  a n d  t h e  F 2
P o l l e n  
g e n e r a t i o n  i n h e r i t s  t r a i t s  i n  a  
p a r e n t  
1 : 2 : 1  	 r a t i o  ( 1  R R ,  2 R r ,  h r ) .  
( F i g .  6 )  
r  R r  
r r  
( R R )  w i l l  r e s u l t  i n  r e d  f l o w e r s  a n d  t h e  s e e d s  c o n t a i n i n g  t w o  g e n e s  f o r  
y e l l o w  ( r r )  w i l l  r e s u l t  i n  y e l l o w  f l o w e r s .  T h e  s e e d s  c o n t a i n i n g  g e n e s  
f o r  b o t h  c o l o r s  ( R r )  m a y  r e s u l t  e i t h e r  i n  f l o w e r s  t h a t  a r e  r e d  o r  i n  
f l o w e r s  t h a t  a r e  m a u v e  ( a  s h a d e  h a l f w a y  b e t w e e n  r e d  a n d  y e l l o w ) ,  
d e p e n d i n g  o n  w h e t h e r  t h e  g e n e  f o r  r e d  h a s  c o m p l e t e  o r  i n c o m p l e t e  
d o m i n a n c e .  
C o m p l e t e  d o m i n a n c e .  S o m e  g e n e s  a r e  d o m i n a n t  a n d  s o m e  a r e  
r e c e s s i v e .  W h e n e v e r  a  d o m i n a n t  a n d  a  r e c e s s i v e  g e n e  f o r  a  p a r t i c u l a r  
t r a i t  o c c u r  i n  t h e  s a m e  p l a n t ,  t h e  d o m i n a n t  g e n e  w i l l  c a u s e  i t s  c h a r a c ­
t e r  t o  s h o w  u p  i n  t h e  p l a n t  t o  t h e  e x c l u s i o n  o f  t h e  r e c e s s i v e  t r a i t .  
I n  F i g s .  5  a n d  6 ,  l e t  u s  a s s u m e  t h a t  r e d  ( R  )  i s  d o m i n a n t  a n d  
y e l l o w  ( r )  i s  r e c e s s i v e .  W h e n e v e r  a n  R  o c c u r s ,  e v e n  i f  a n  r  a l s o  
o c c u r s ,  w e  c a n  e x p e c t  t h e  f l o w e r  t o  b e  r e d .  I n  F i g .  5  ( F l  g e n e r a t i o n )  
a l l  t h e  s e e d s  h a v e  a n  R  g e n e ;  t h u s  a l l  t h e  f l o w e r s  w i l l  b e  r e d .  I n  
F i g .  6  ( F 2  g e n e r a t i o n )  R  o c c u r s  i n  t h r e e  o f  t h e  s q u a r e s ;  t h e s e  t h r e e  
s e e d s  w i l l  r e s u l t  i n  r e d  f l o w e r s .  T h e  d o m i n a n t  g e n e  R  d o e s  n o t  a p p e a r  
i n  t h e  l o w e r  r i g h t  s q u a r e ;  t h e r e f o r e  t h e  r e c e s s i v e  t r a i t  y e l l o w  w i l l  s h o w  
i n  t h e  f l o w e r s  o f  t h i s  p l a n t .  T h u s ,  f o r  a  l a r g e  n u m b e r  o f  p l a n t s  i n  t h e  
F 2  g e n e r a t i o n ,  w h e r e  r e d  h a s  c o m p l e t e  d o m i n a n c e  o v e r  y e l l o w  t h e  
c o l o r  r a t i o  w i l l  b e  3 :  1 ,  t h a t  i s ,  t h r e e  r e d  t o  o n e  y e l l o w  ( F i g .  7 ) .  
I n c o m p l e t e  d o m i n a n c e .  S o m e t i m e s  n e i t h e r  g e n e  i s  d o m i n a n t  o r  
r e c e s s i v e  a n d  w h e n  t h e y  o c c u r  i n  t h e  s a m e  p l a n t ,  t h e y  f o r m  a n  i n t e r ­
m e d i a t e  c h a r a c t e r i s t i c .  I f  w e  a s s u m e  i n c o m p l e t e  d o m i n a n c e  i n  F i g s .  5  
a n d  6 ,  t h e n  w h e r e v e r  R r  o c c u r s  w e  c a n  e x p e c t  t h e  f l o w e r  t o  b e  m a u v e .  
A n  e x a m i n a t i o n  o f  F i g s .  5  a n d  6  s h o w s  t h a t  i n  t h e  F 1  g e n e r a t i o n  a l l  
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RED RED RED YELLOW 
(RR) (Rr) (Rr) (rr) 
If red has complete dominance over yellow, then the seeds represented in Fig. 
6 will develop flowers having a color ratio of 3:1- out of every four flowers, 
three will he red and one will he yellow. (Fig. 7) 
the flowers will be mauve while in the F.2 generation we may expect 
one red (RR), two mauve (Rr), and one yellow (rr) flower out of 
every four - a 1: 2: 1 ratio (Fig. 8). 
Fixing a trait. Cross-pollination is usually necessary to develop 
new varieties. Once the trait that is desired is fixed, that is, the plant, 
when self-pollinated, breeds true for the trait, then all you have to do 
to continue obtaining that trait is to self the plant and its offspring. 
Sometimes a trait cannot be fixed and many plants may have to be 
grown in order to produce a few showing the desired trait. 
Continuing to use Fig. 6 as an example, let us now assume that 
RED MAUVE MAUVE YELLOW 
(RR) (Rr) (Rr) (rr) 
If red has incomplete dominance over yellow, then the seeds represented in 
Fig. 6 will develop flowers having a color ratio of 1:2:1- out of every four 
flowers, one will he red, two will he mauve, and one will he yellow. (Fig. 8) 
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y o u  w i s h  t o  f i x  a  t r a i t  b y  s e l f - p o l l i n a t i n g  t h e  p l a n t s  o f  t h e  F 2  g e n e r a ­
t i o n .  W e  w i l l  a s s u m e  t h r e e  d i f f e r e n t  s i t u a t i o n s :  (  1 )  y o u  w i s h  t o  
b r e e d  o n l y  y e l l o w  f l o w e r s ;  ( 2 )  y o u  w i s h  t o  b r e e d  o n l y  r e d  f l o w e r s ;  
a n d  ( 3 )  y o u  w i s h  t o  b r e e d  o n l y  m a u v e  f l o w e r s .  
( 1 )  B r e e d i n g  f o r  y e l l o w .  A s  e x p l a i n e d  o n  p a g e s  1 0  a n d  1 1  a n d  
i l l u s t r a t e d  i n  F i g s .  7  a n d  8 ,  r e g a r d l e s s  o f  w h e t h e r  t h e r e  i s  c o m p l e t e  o r  
i n c o m p l e t e  d o m i n a n c e ,  y o u  m a y  e x p e c t  o n e  o u t  o f  e v e r y  f o u r  f l o w e r s  
t o  b e  y e l l o w  ( r r ) .  T h e s e  y e l l o w  f l o w e r s  a r e  p u r e ,  t h a t  i s ,  t h e y  h a v e  n o  
R  g e n e s .  T h e r e f o r e  i f  y o u  s e l f  t h e m ,  t h e y  a n d  t h e i r  o f f s p r i n g  w i l l  
b r e e d  t r u e  f o r  y e l l o w  ( F i g .  9 ) .  
S e e d  p a  r e n t  
r  I  r  
P o l l e n  
p a  r e n t  
r  
r  
r r  
r r  
r r  
r r  
W h e n  a  p u r e b r e d  p l a n t  i s  s e l f ­
p o l l i n a t e d ,  i t  b r e e d s  t r u e ;  t h a t  
i s ,  t h e  o f f s p r i n g  a r e  a l l  i d e n t i c a l  
t o  t h e  p a r e n t  a n d  t o  e a c h  o t h e r .  
( F i g .  9 )  
( 2 )  B r e e d i n g  f o r  r e d .  I f  r e d  i s  t h e  d o m i n a n t  g e n e ,  t h e  F 2  g e n e r a ­
t i o n  w i l l  p r o d u c e  t h r e e  r e d  f l o w e r s  o u t  o f  f o u r ,  s o m e  o f  t h e  r e d  f l o w e r s  
c o n t a i n i n g  R r  a n d  s o m e  c o n t a i n i n g  R R  ( s e e  F i g .  7 )  .  T h e  p r o b l e m ,  
t h e n ,  i s  t o  i s o l a t e  t h e  o n e s  c o n t a i n i n g  R R ,  s i n c e  t h e y  a r e  t h e  o n e s  t h a t  
w i l l  b r e e d  t r u e .  I f  y o u  s e l f  a l l  t h e  p l a n t s  w i t h  r e d  f l o w e r s ,  s o m e  w i l l  
p r o d u c e  o f f s p r i n g  ( t h e  F 3  g e n e r a t i o n )  w i t h  a l l  r e d  f l o w e r s  a n d  s o m e  
w i l l  p r o d u c e  o f f s p r i n g  w i t h  s o m e  r e d  a n d  s o m e  y e l l o w  f l o w e r s .  T h e  
s e l f - p o l l i n a t e d  p a r e n t s  t h a t  p r o d u c e d  b o t h  r e d  a n d  y e l l o w  o f f s p r i n g  
c a n  b e  d i s c a r d e d  - t h e y  o b v i o u s l y  a r e  t h e  o n e s  c o n t a i n i n g  R r .  B u t  
t h e  p a r e n t s  t h a t  p r o d u c e d  o n l y  r e d  o f f s p r i n g  h a v e  b r e d  t r u e  - t h e y  
e v i d e n t l y  c o n t a i n  R R .  T o  k e e p  t r a c k  o f  w h i c h  r e d  f l o w e r s  p r o d u c e  
o n l y  r e d - f l o w e r e d  o f f s p r i n g ,  i t  i s  i m p o r t a n t  t o  k e e p  t h e  s e e d  f r o m  e a c h  
s e l f  s e p a r a t e  a n d  t o  k e e p  r e c o r d s  ( s e e  p a g e  1 9  ) .  O n c e  y o u  h a v e  
i s o l a t e d  t h e  r e d  f l o w e r s  t h a t  p r o d u c e  o n l y  r e d  f l o w e r s  i n  t h e i r  o f f s p r i n g ,  
t h e n  a l l  y o u  n e e d  t o  d o  t o  c o n t i n u e  o b t a i n i n g  r e d  f l o w e r s  i s  t o  c o n t i n u e  
s e l f i n g  t h e  p a r e n t s  o r  t h e  o f f s p r i n g .  
I f  r e d  h a s  i n c o m p l e t e  d o m i n a n c e )  o n l y  o n e  o u t  o f  f o u r  f l o w e r s  w i l l  
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be red (see Fig. 8), and since it is pure (containing RR) you'll have 
no trouble in fixing the trait. 
(3) Breeding for mauve. As explained earlier, mauve flowers will 
be obtained if red has incomplete dominance over yellow. In the F2 
generation, if there is incomplete dominance, two out of every four 
flowers will be mauve (see Fig. 8). When you self these flowers, 
segregation will again occur and you will obtain the same ratio as 
occurred in the F2 generation - 1 : 2 : 1. In other words, the color 
mauve cannot be fixed. The most you can expect in the long run, 
if you self mauve flowers, is two mauve flowers out of every four. 
Breeding for other traits. The above discussion (pages 9 to 13) 
is given only as an example to explain the process of heredity. By cross­
ing and selfing plants and observing the ratios of the traits that you are 
interested in, you can soon find out whether you are dealing with 
complete or incomplete dominance. (A 3: 1 ratio in the F2 generation 
usually indicates complete dominance; a 1: 2: 1 ratio, incomplete 
dominance. ) You will then be able to tell whether or not it is possi­
ble to fix a trait. 
You may wish to breed for more than one trait. Some traits that 
are often relatively easy to change are: yield, flower color, plant size, 
leaf size, fruit shape, and fruit size. With two genes for each trait in 
each parent, you will have to grow many offspring before one will 
appear with all the desired traits. Even if you are interested in re­
placing only one trait with a more desirable one, you may have to 
grow many plants in order to obtain one that shows the desired trait 
without showing any changes in other traits. Some characteristics, 
such as yield and fruit size, are governed by many genes, and vast 
numbers of plants may be needed to obtain the desired result. 
Hybrids. F1 hybrids of vegetables and flowers are often men­
tioned in seed catalogues and breeding programs. These varieties are 
the result of crosses between two pure lines. The purpose of the cross 
is to bring together in a plant desirable traits possessed separately by 
the parent plants. Some characteristics obtained in this way are 
increased vigor, uniformity, and earliness. 
Seed from the hybrid will produce many plants unlike the hybrid. 
Therefore, in order to maintain all the desirable characteristics of the 
hybrid, the original parents are crossed each year. It is ' seldom 
worthwhile to save seed from the hybrid for commercial production, 
although it can be used in a breeding program. 
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G e n e r a l  B r e e d i n g  T e c h n i q u e s  
E q u i p m e n t  
T h e  e q u i p m e n t  r e q u i r e d  f o r  p l a n t  b r e e d i n g  i s  r e l a t i v e l y  i n e x p e n s i v e  
a n d  e a s y  t o  u s e .  H e r e  a r e  s o m e  i t e m s  t h a t  y o u  m a y  f i n d  u s e f u l :  
M a g n i f y i n g  g l a s s  ( 1 0  o r  1 5  A l c o h o l  
p o w e r )  R u b b e r  b a n d s  o r  s o f t  w i r e  
T w e e z e r s  P a p e r  o r  c e l l o p h a n e  b a g s  
S m a l l  s h a r p - p o i n t e d  s c i s s o r s  P a p e r  c l i p s  
C a m e l - h a i r  b r u s h  T a g s  
S m a l l  c o n t a i n e r s  o r  v i a l s  N o t e b o o k  
W h e n  t o  b r e e d  
P r e p o l l i n a t i o n  s t e p s  g e n e r a l l y  s h o u l d  b e g i n  j u s t  b e f o r e  t h e  f l o w e r  
o p e n s .  I f  y o u  w a i t  u n t i l  a f t e r  i t  o p e n s ,  i t  m a y  b e  p o l l i n a t e d  b y  n a t u r a l  
m e a n s ,  w h i c h  w o u l d  m a k e  t h e  f l o w e r  u s e l e s s  f o r  e x p e r i m e n t a t i o n .  
S i n c e  m o s t  p l a n t s  b l o o m  o v e r  a  p e r i o d  o f  t i m e ,  e v e n  i f  s o m e  o f  t h e  
f l o w e r s  o n  a  p l a n t  h a v e  b l o o m e d  b e f o r e  y o u  h a v e  p r e p a r e d  t h e m  f o r  
b r e e d i n g ,  t h e r e  w i l l  p r o b a b l y  b e  o t h e r s  t h a t  h a v e n ' t  o p e n e d  y e t  a n d  
t h a t  y o u  c a n  s t i l l  e x p e r i m e n t  w i t h .  
E x t r e m e l y  h i g h  t e m p e r a t u r e s  o r  m o i s t  c o n d i t i o n s  a r e  h a r m f u l  t o  
p o l l e n .  F o r  b e s t  r e s u l t s  y o u  s h o u l d  p o l l i n a t e  p l a n t s  o n  d r y  d a y s  d u r i n g  
t h e  c o o l  h o u r s  o f  t h e  m o r n i n g  o r  a s  s o o n  a s  t h e  a n t h e r s  h a v e  s p l i t  o p e n .  
S e l e c t i n g  t h e  p a r e n t s  
S o m e  p l a n t s  h a v e  n a t u r a l  b a r r i e r s  t o  c r o s s - o r  s e l f - p o l l i n a t i o n .  I t  
i s  a d v i s a b l e  t o  c h e c k  f o r  t h i s  b e f o r e  y o u  b e g i n  b r e e d i n g ,  f o r  a l t h o u g h  
y o u  f r e q u e n t l y  c a n  o v e r c o m e  t h e s e  b a r r i e r s ,  s o m e  p l a n t s  c a n n o t  b e  
a r t i f i c i a l l y  p o l l i n a t e d .  A n  e x a m p l e  o f  a  b a r r i e r  t h a t  c a n  b e  o v e r c o m e  
i s  t h e  n a t u r a l  c r o s s - p o l l i n a t i o n  p r o h i b i t o r  o f  s n a p d r a g o n s ;  s n a p d r a g o n  
f l o w e r s  a r e  c o n s t r u c t e d  s o  a s  t o  p r e v e n t  e n t r y  o f  w i n d - b o r n e  p o l l e n  
f r o m  o t h e r  f l o w e r s .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t o  o p e n  t h e  f l o w e r  b y  
h a n d .  A n  e x a m p l e  o f  a  b a r r i e r  t h a t  c a n n o t  b e  o v e r c o m e  i s  t h e  s e l f ­
p o l l i n a t i o n  p r o h i b i t o r  o f  s o m e  o r c h i d s ;  t h e  s t i g m a s  o f  c e r t a i n  o r c h i d s  
p r o d u c e  a  s u b s t a n c e  w h i c h  k i l l s  t h e  p o l l e n  o f  f l o w e r s  o f  t h e  s a m e  
p l a n t .  T h e  m e c h a n i s m  t h a t  p e r f o r m s  t h i s  c a n n o t  b e  r e m o v e d  w i t h o u t  
d e s t r o y i n g  t h e  p i s t i l .  
T h e  p l a n t s  y o u  s e l e c t  f o r  b r e e d i n g  s h o u l d  b e  s t u r d y  a n d  h e a l t h y .  
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It is usually easier to tell which ones are healthy after a few flowers 
on the plant have bloomed. 
In choosing a pollen parent, select one that has a heavy yellow 
powder on the anther. This powder is the pollen. If you brush your 
fingernail against the anther, a trace of pollen should adhere to your 
nail. A fresh flower is more likely to have healthier pollen than one 
that has started to wilt or dry out. 
In choosing a seed parent, examine the stigma. It should have 
either a glistening substance on it that is sticky to the touch or a 
"hairy" surface. It is this substance or surface that retains the pollen, 
thus making fertilization possible. 
Once you have selected the pollen and seed parents, you are ready 
to begin pollination. 
Prepollination steps 
The first step is to mark those flowers that are to serve as pollen 
parents and those that are to serve as seed parents. This can be done 
with colored thread, one color for the male and another color for the 
female. Or you can use paper labels, covered with varnish to protect 
them from the weather. Some plant breeders use bands designed for 
marking chickens. 
Your next step is to protect the plant from unwanted pollen. If 
the plant is to be cross-pollinated, the stamens will have to be removed 
to prevent the possibility of selfing. The removal of the stamen is 
called emasculation. It should be performed before the anthers split 
Emasculation is necessary to 
prevent self-pollination. Re­
move all anthers or stamens. 
(Fig. 10) 
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o p e n  t o  r e l e a s e  p o l l e n .  T h i s  m a y  r e q u i r e  o p e n i n g  t h e  f l o w e r  b y  h a n d  
b e f o r e  i t  i s  r e a d y  t o  b l o o m .  E m a s c u l a t i o n  c a n  b e  a c c o m p l i s h e d  b y :  
(  1 )  p i n c h i n g  o f f  t h e  s t a m e n s  o r  a n t h e r s  w i t h  t w e e z e r s  ( F i g .  1 0 ) ,  o r  
( 2  )  s n i p p i n g  o f f  t h e  s t a m e n s  o r  a n t h e r s  w i t h  s h a r p - p o i n t e d  s c i s s o r s ,  
o r  ( 3 )  r e m o v i n g  t h e  p e t a l s  t o  w h i c h  t h e  s t a m e n s  a r e  s o m e t i m e s  a t ­
t a c h e d .  A  m a g n i f y i n g  g l a s s  w i l l  b e  p a r t i c u l a r l y  u s e f u l  i n  e m a s c u l a t i o n .  
B o t h  t h e  s e e d  a n d  p o l l e n  p a r e n t s  s h o u l d  b e  p r o t e c t e d  f r o m  c o n ­
t a m i n a t i o n  b y  f o r e i g n  p o l l e n .  T h i s  c a n  b e  d o n e  b y  o n e  o f  t h e  f o l l o w ­
i n g  m e t h o d s :  
C l o s i n g  t h e  f l o w e r .  I n  m a n y  f l o w e r s ,  s u c h  a s  m o r n i n g - g l o r i e s ,  
p e t u n i a s ,  a n d  l i l i e s ,  t h e  p e t a l s  c a n  b e  c l o s e d  a r o u n d  t h e  f l o r a l  o r g a n s  
w i t h  a  p i e c e  o f  s o f t  w i r e ,  s t r i n g ,  o r  r u b b e r  b a n d  ( F i g .  1 1  ) .  C a r e  s h o u l d  
b e  t a k e n  n o t  t o  t e a r  t h e  p e t a l s .  
C o v e r i n g  t h e  f l o w e r .  S o m e  f l o w e r s ,  s u c h  a s  c o m p o s i t e  f l o w e r s ,  
c a n n o t  b e  c l o s e d .  T o  p r o t e c t  t h e m  f r o m  u n w a n t e d  p o l l e n ,  y o u  c a n  
c o v e r  t h e  f l o w e r  w i t h  a  p a p e r  b a g .  O r ,  i f  y o u  w i s h  t o  o b s e r v e  t h e  
f l o w e r  a t  a l l  t i m e s ,  y o u  c a n  c o v e r  i t  w i t h  a  c e l l o p h a n e  b a g .  T h e  b a g  
s h o u l d  b e  h e l d  s e c u r e l y  i n  p l a c e  w i t h  a  p a p e r  c l i p  o r  s t r i n g  ( F i g .  1 1  ) .  
T o  p r o t e c t  t h e  H o w e r  f r o m  u n w a n t e d  p o l l e n ,  c l o s e  i t  w i t h  a  s t r i n g  o r  s o f t  w i r e  
( l e f t )  o r  c o v e r  i t  w i t h  a  b a g  ( r i g h t ) .  A  c e l l o p h a n e  o r  p l a s t i c  b a g  w i l l  p e r m i t  
y o u  t o  o b s e r v e  t h e  H o w e r  a t  a l l  t i m e s .  ( F i g .  1 1 )  
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Flowers that are to be self-pollinated should likewise be protected 
from foreign pollen by either closing or covering the flower. 
If the plant is grown indoors there is little likelihood of contam­
ination by foreign pollen and you do not have to cover or close the 
flower. However, indoor as well as outdoor plants require emascula­
tion to avoid self-pollination. 
Pollination steps 
Crossing. There are several methods that can be used for cross­
pollinating flowers. Here are four of the most common methods: 
( 1) Remove the stamens from the pollen parent with tweezers. 
Place the stamens in a small container. Remove the protector from 
the seed parent. Holding a stamen with the tweezers, gently brush 
the anther across the stigma (Fig. 12 ) . Replace the protector. 
(2) Cut the flower that is serving as the pollen parent. Remove 
the protector from the seed parent. With tweezers remove a stamen 
from the pollen parent and brush an anther gently across the stigma 
of the seed parent. Replace the protector. 
(3 ) With a camel-hair brush, transfer the pollen from the anthers 
of the pollen parent into a small container. Remove the protector 
One way to cross-pollinate is to remove 
the stamens from the pollen parent and 
then, holding a stamen with tweezers, 
brush the anther across the stigma of 
the seed parent. (Fig. 12) 
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I f  t h e  s t a m e n s  a r e  t o o  s m a l l  
o r  t o o  d i f f i c u l t  t o  g r a s p ,  
y o u  c a n  c r o s s - p o l l i n a t e  b y  
t r a n s f e r r i n g  t h e  p o l l e n  f r o m  
t h e  a n t h e r s  w i t h  a  b r u s h  
i n t o  a  c o n t a i n e r  a n d  t h e n  
b r u s h i n g  t h e  p o l l e n  o n t o  
t h e  s t i g m a .  ( F i g .  1 3 )  
f r o m  t h e  s e e d  p a r e n t  a n d  b r u s h  t h e  p o l l e n  a c r o s s  t h e  s t i g m a  ( F i g .  1 3 ) .  
R e p l a c e  t h e  p r o t e c t o r .  
( 4  )  S h a k e  t h e  b a g g e d  p o l l e n  p a r e n t  s o  t h a t  t h e  p o l l e n  i s  c o l l e c t e d  
i n  t h e  b a g  t h a t  i s  c o v e r i n g  i t  f o r  p r o t e c t i o n .  R e m o v e  t h e  b a g  f r o m  
t h e  p o l l e n  p a r e n t ,  b e i n g  c a r e f u l  n o t  t o  s p i l l  t h e  p o l l e n .  R e m o v e  t h e  
p r o t e c t o r  f r o m  t h e  s e e d  p a r e n t  a n d  p l a c e  t h e  b a g  c o n t a i n i n g  t h e  p o l l e n  
o v e r  t h e  s e e d  p a r e n t  a n d  s h a k e  t h e  b a g  s o  t h a t  p o l l e n  f a l l s  o n  t h e  
s t i g m a t i c  s u r f a c e s .  T h i s  i s  u s u a l l y  d o n e  o n  c o r n .  
E a c h  t i m e  y o u  u s e  d i f f e r e n t  p o l l e n ,  b e  s u r e  t o  f i r s t  w a s h  w i t h  
a l c o h o l  t h e  c a m e l - h a i r  b r u s h ,  t w e e z e r s ,  a n d  a n y  o t h e r  i t e m  w h i c h  
m i g h t  h a v e  t o u c h e d  s o m e  p o l l e n .  T h i s  s t e p  i s  v e r y  i m p o r t a n t  t o  
p r e v e n t  p o l l i n a t i o n  o f  t h e  s e e d  p a r e n t  w i t h  u n w a n t e d  p o l l e n  t h a t  h a s  
a d h e r e d  t o  t h e  e q u i p m e n t .  A f t e r  y o u  w a s h  t h e  i n s t r u m e n t s  b e  s u r e  
t h a t  t h e y  a r e  d r y  b e f o r e  u s i n g  t h e m  a g a i n .  
S e l f i n g .  P r o c e d u r e s  f o r  s e l f - p o l l i n a t i n g  f l o w e r s  w i l l  d e p e n d  o n  t h e  
t y p e  o f  f l o w e r .  F o r  p e r f e c t  f l o w e r s ,  y o u r  j o b  i s  d o n e  o n c e  y o u  h a v e  
c l o s e d  o r  c o v e r e d  t h e  f l o w e r ,  a l t h o u g h  y o u  c a n  s o m e t i m e s  h e l p  t h e  
p o l l e n  l a n d  o n  t h e  s t i g m a  b y  s h a k i n g  t h e  f l o w e r  o n c e  a  d a y  f o r  s e v ­
e r a l  d a y s  a f t e r  t h e  p o l l e n  d e v e l o p s .  
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Only those composite flowers containing both disc and ray florets 
can be self-pollinated. Since they have both pistils and stamens, they 
can be selfed in the same way as perfect flowers. 
With imperfect flowers, you will be able to self only those flowers 
that are on the same plant. In selfing imperfect flowers, the pollen 
from the staminate flower must be transferred to the stigma of the 
pistillate flower on the same plant. To do this you can use any of 
the methods given above for cross-pollination. 
Postpollination steps 
Immediately after pollination, close or cover the flower again. 
The next step is to label the seed parent. The standard method of 
labeling is as follows: 
1. Write on the label in the following order: (a) the number 
that you have assigned or the variety name of the seed parent; (b) the 
letter X; (c) the number or variety name of the pollen parent; and 
(d) the date the cross was made (Fig. 14). 
2. Attach the label to the stem just below the flower that has 
been pollinated. 
Once the seed parent is labeled, your next step is to record the 
cross or self in a notebook. Keeping complete and accurate records 
of your breeding operations is very important. The information that 
you record should contain all essential facts regarding the cross or 
self so that you can refer to it at a later time and even do the job 
again from the beginning if necessary. 
A separate form or page should be used for each cross or self that 
you make. An easy way to keep track of the offspring is to assign 
consecutive numbers to each generation resulting from each cross or 
self. 
T~6lt QU€EN 
Each pollinated flower should bear a X 
label containing the name of the seed E~RlY WHtTE 
parent, the letter X (to signify a cross), BUSH 
the name of the pollen parent, and th~ 5/20/Sfdate of the cross. (Fig. 14 ) 
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H e r e  i s  a  s u g g e s t e d  f o r m :  
K i n d  o f  p l a n t< - _ _ _ _ _ _ _  
S e e d  p a r e n t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
( n a m e  o r  n u m b e r )  
P o l l e n  p a r e n t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
( n a m e  o r  n u m b e r )  
D a t e  c r o s s  m a d e  N u m b e r  t o  b e  a s s i g n e d  o f f s p r i n g  _ _ _ _ _ _ _ _ _  
T r a i t s  o f  s e e d  p a r e n t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T r a i t s  o f  p o l l e n  p a r e n
t
' - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T r a i t s  d e s i r e d  o f  o f f s p r i n g _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
O f f s p r i n g  n o t e s :  
D a t e  D a t e  o f  T r a i t s  D a t e  o f  H a r v e s t i n g  
p l a n t e d  f i r s t  
f l o w e r i n g  
S i z e  I  C o l o r  I  E t c .  
p o l l i n a t i o n  
F i r s t  I L a s t  
i n f o r m a t i o n  
D a t e  I N o .  o f  
s e e d  
O b s e r v i n g  t h e  o u t c o m e  
O n c e  p o l l i n a t i o n  h a s  b e e n  c o m p l e t e d ,  a  p e r i o d  m u s t  e l a p s e  d u r i n g  
w h i c h  f e r t i l i z a t i o n  a n d  s u b s e q u e n t  d e v e l o p m e n t  o f  t h e  f e r t i l i z e d  o v u l e  
t a k e  p l a c e .  W h e n  t h e  s e e d  i s  c o m p l e t e l y  d e v e l o p e d ,  i t  s h o u l d  b e  
h a r v e s t e d .  I n  p l a n t s  g r o w n  f o r  f l o w e r s ,  h a r v e s t  t h e  s e e d  a s  s o o n  a s  
t h e  s e e d  p o d  i s  d r y  o r  w h e n  i t  j u s t  s t a r t s  t o  s p l i t  o p e n .  I n  f r u i t s  a n d  
v e g e t a b l e s  t h e  s e e d  w i l l  b e  f u l l y  d e v e l o p e d  a n d  r e a d y  f o r  h a r v e s t i n g  
w h e n  t h e  s e e d - b e a r i n g  p a r t s  h a v e  r e a c h e d  m a t u r i t y .  ( F o r  m o r e  
i n f o r m a t i o n  o n  h a r v e s t i n g  s e e d ,  s e e  r e f e r e n c e s  1 0  a n d  1 1  o n  p a g e  3 1 . )  
A s  y o u  h a r v e s t  t h e  s e e d ,  p l a c e  t h e m  i n  p a c k e t s  b e a r i n g  t h e  a s s i g n e d  
o f f s p r i n g  n u m b e r .  B e  c a r e f u l  t o  k e e p  s e e d  f r o m  d i f f e r e n t  c r o s s e s  a n d  
s e l f s  i n  s e p a r a t e  p a c k e t s .  A i r - d r y  t h e  s e e d  i n  a  f a i r l y  w a r m  s p o t  f o r  a  
w e e k  o r  s o  a n d  t h e n  s t o r e  t h e m  i n  a  c o o l ,  d r y  p l a c e .  
A s  s o o n  a s  p r a c t i c a b l e ,  t h e  s e e d  s h o u l d  b e  p l a n t e d  a n d  t h e  r e s u l t s  
e n t e r e d  i n  y o u r  r e c o r d  b o o k .  T h e  o f f s p r i n g  c a n  t h e n  b e  u s e d  f o r  f u r ­
t h e r  s t u d y .  A n y  s e e d s  t h a t  a r e  n o t  p l a n t e d  s h o u l d  b e  s a v e d  i n  c a s e  
o f  c r o p  f a i l u r e .  
A n  i m p o r t a n t  p o i n t  t o  r e m e m b e r  i s  t h a t  i f  b o t h  p a r e n t s  a r e  p u r e ,  
s e g r e g a t i o n  u s u a l l y  w i l l  n o t  b e c o m e  a p p a r e n t  u n t i l  t h e  F 2  g e n e r a t i o n ,  
a n d  y o u  m a y  h a v e  t o  b r e e d  s e v e r a l  g e n e r a t i o n s  b e f o r e  y o u  c a n  o b t a i n  
a  p l a n t  t h a t  w i l l  b r e e d  t r u e .  
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Breeding Experiments for You to Try 
The following crops have been selected to serve as examples of 
the various types of flowers encountered in plant breeding - perfect, 
imperfect, and composite. The techniques suggested here, with slight 
modifications, can be used for crossing other plants having similar 
flowering systems. 
Corn 
Corn is a good plant for the amateur plant breeder to experiment 
with because it is easy to work with and often shows visible changes 
in the kernels of the F 1 generation. Some of the varieties that you can 
work with are yellow field corn, white field corn, sweet corn, popcorn, 
calico corn, and strawberry corn. 
STAMINATE FLOWER 
(TASSEL) 
PISTILLATE flOWER 
(EAR) 
Corn has an imperfect flower. The staminate flower is the tassel and 
the pistillate flower is the ear. (Fig. 15) 
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C o r n  h a s  a n  i m p e r f e c t  f l o w e r ,  w i t h  b o t h  s t a m i n a t e  a n d  p i s t i l l a t e  
f l o w e r s  o n  t h e  s a m e  p l a n t  ( F i g .  1 5 ) .  T h e  s t a m i n a t e  f l o w e r  i s  t h e  
t a s s e l ;  t h e  p i s t i l l a t e  f l o w e r  i s  t h e  e a r .  T h e  s i l k ,  w h i c h  h a s  a  h a i r y  
s u r f a c e  t h r o u g h o u t  m o s t  o f  i t s  l e n g t h  t h a t  i s  r e c e p t i v e  t o  p o l l e n ,  i s  t h e  
c o r n ' s  s t i g m a .  
P r o c e d u r e :  
1 .  D e c i d e  o n  t h e  v a n e t l e s  o f  c o r n  t h a t  y o u  w i s h  t o  c r o s s  a n d  
p l a n t  t h e  s e e d s  i n  y o u r  e x p e r i m e n t a l  a r e a .  Y o u  c a n  w o r k  w i t h  a s  
m a n y  v a r i e t i e s  a s  y o u  w i s h ,  b u t  i f  t h i s  i s  y o u r  f i r s t  e x p e r i m e n t  i t  w i l l  
b e  b e s t  t o  l i m i t  y o u r s e l f  t o  t h r e e  o r  f o u r .  C o r n  t a s s e l s  l o s e  t h e i r  p o l l e n  
i n  a  r e l a t i v e l y  s h o r t  t i m e ,  s o ,  i n  o r d e r  t o  h a v e  t h e  p o l l e n  o f  t h e  d i f f e r ­
e n t  v a r i e t i e s  r e a d y  a t  a b o u t  t h e  s a m e  t i m e ,  p l a n t  a  f e w  s e e d s  o f  e a c h  
v a r i e t y  w e e k l y  o v e r  a  p e r i o d  o f  w e e k s .  M a r k  t h e  r o w s  f o r  f u t u r e  
r e f e r e n c e .  
2 .  A s  s o o n  a s  t h e  p l a n t s  d e v e l o p  e a r  s h o o t s  a n d  b e f o r e  t h e  s i l k s  
e m e r g e ,  c o v e r  t h e  s h o o t s  w i t h  a  l o o s e l y  f i t t e d  b a g  s e c u r e d  a t  t h e  
b o t t o m  w i t h  a  p a p e r  c l i p  o r  s t r i n g .  A  c l e a r  p l a s t i c  o r  g l a s s i n e  b a g  
w i l l  a l l o w  y o u  t o  w a t c h  t h e  s i l k s  d e v e l o p .  C o v e r  s e v e r a l  e a r  s h o o t s ,  
f o r  t h e  m o r e  t h a t  a r e  p o l l i n a t e d  t h e  g r e a t e r  y o u r  c h a n c e s  o f  g e t t i n g  
d e s i r e d  r e s u l t s .  
W h e n  c o l l e c t i n g  c o r n  p o l l e n ,  
b e n d  t h e  t a s s e l  d o w n w a r d  t o  
p r e v e n t  t h e  p o l l e n  f r o m  s p i l l ­
i n g  o u t  o f  t h e  b a g .  ( F i g .  1 6 )  
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Place the bag containing pollen on the 
ear of corn, secure the bag to the stalk 
below the ear, and label the pollinated 
ear. (Fig. 17 ) 
3. Keep a close watch on the ears. When the silks are visible the 
ear is ready for pollination. The appropriate tassel should then be 
bagged for use the next morning. The bag should be secured tightly 
at the base of the tassel to keep the pollen from falling out and to 
keep it from becoming contaminated with other pollen. 
4. The following morning shake the bagged tassel vigorously to 
loosen the pollen. Remove the bag from the tassel, bending the tassel 
downward to prevent pollen from spilling out (Fig. 16 ) . 
5. Remove the bag covering the silk. Place the bag from the tassel 
over the ear, being careful not to spill any pollen. Secure the bag to 
the stalk below the ear and shake (Fig. 17 ) . 
6. Label each of the ears that have been pollinated with the 
name or number of the plants that are serving as seed and pollen 
parents and enter the cross in your record book. 
7. Leave the bagged ear on the plant until the leaves dry. After 
the pollinated ear has dried, record any changes that may have 
occurred in the kernels. Then harvest the kernels and save them 
for future planting. 
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S q u a s h  
T h e  f l o w e r s  o f  s q u a s h  a r e  l a r g e  a n d  e a s y  t o  w o r k  w i t h .  T h e  
f l o w e r s  a r e  i m p e r f e c t ,  w i t h  b o t h  t h e  m a l e  a n d  f e m a l e  f l o w e r s  o n  t h e  
s a m e  p l a n t .  T h e  p i s t i l l a t e  f l o w e r  i s  e n l a r g e d  a t  t h e  b a s e  w h i l e  t h e  
s t a m i n a t e  f l o w e r  i s  b o r n e  o n  a  l o n g  s t e m  ( s e e  F i g .  2 ) .  
A l t h o u g h  s o m e  v a r i e t i e s  o f  s q u a s h  a r e  c r o s s - s t e r i l e ,  t h a t  i s ,  t h e y  
c a n n o t  b e  c r o s s e d ,  m a n y  o t h e r s  c a n  b e  c r o s s e d .  I t  i s  a l s o  p o s s i b l e  t o  
c r o s s  s o m e  v a r i e t i e s  o f  p u m p k i n  a n d  s q u a s h .  
R e m e m b e r  t h a t  i f  y o u  a r e  c r o s s i n g  p u r e  v a r i e t i e s ,  s e g r e g a t i o n  w o n ' t  
o c c u r  u n t i l  t h e  F 2  g e n e r a t i o n ;  t h a t  i s ,  t h e  v a r i o u s  c o l o r s  a n d  s h a p e s  
t h a t  t h e  o f f s p r i n g  h a v e  i n h e r i t e d  w i l l  n o t  a l l  s h o w  u p  u n t i l  t h e  o f f ­
s p r i n g  a r e  s e l f - p o l l i n a t e d  a n d  t h e  s e e d s  t h a t  t h e y  p r o d u c e  b e a r  f r u i t .  
T o  p o l l i n a t e  s q u a s h ,  
g e n t l y  r u b  t h e  a n t h e r  
a c r o s s  t h e  s t i g m a  o f  t h e  
p i s t i l l a t e  f l o w e r .  ( F i g .  1 8 )  
P r o c e d u r e :  
1 .  P l a n t  t h e  d i f f e r e n t  v a r i e t i e s  o f  s q u a s h .  L a b e l  t h e  r o w s  s o  t h a t  
y o u  w i l l  k n o w  w h i c h  p l a n t s  a r e  t o  b e  s e e d  p a r e n t s  a n d  w h i c h  a r e  t o  
b e  p o l l e n  p a r e n t s .  Y o u  w o n ' t  h a v e  a n y  d i f f i c u l t y  i n  h a v i n g  t h e  m a l e  
a n d  f e m a l e  p a r e n t s  r e a d y  f o r  p o l l i n a t i o n  a t  t h e  s a m e  t i m e ,  f o r  s q u a s h  
p r o d u c e s  f l o w e r s  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d .  
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2. The evening before the flowers open, place a bag over them 
or close the flowers with rubber bands or string (see Fig. 11 ) . It is 
easy to tell in the evening which flowers will open the following morn­
ing. The flowers will be slightly open, revealing the inner color, 
which is brighter than the color on the outside of the petals. Both 
pistillate and staminate flowers should be protected, to prevent bees 
from entering. 
3. Early in the morning on the day that the flowers open, remove 
the stamens from the staminate flower and gently rub the anthers 
across the stigma of the pistillate flower. (Fig. 18.) 
4. Replace the bag on the pistillate flower. 
5. Label the pollinated pistillate flower and enter the cross in 
your record book. 
6. You can remove the protective covering when the petals have 
dried on the pistillate flower or when the ovary bulges through the 
bag. 
7. Harvest the seeds when the fruit is mature (Fig. 19). Maturity 
is usually reached about 45 days after pollination. Save the seeds 
until the next year, when you will ( 1) plant them, (2 ) self-pollinate 
the resulting flowers, and (3 ) again harvest the seeds. The year after 
that, when you plant the seeds resulting from the self-pollination of 
the F 1 generation, segregation will probably occur. 
Harvest the squash 
seeds and save them 
for planting next 
year. (Fig. 19 ) 
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T o m a t o e s  
T h e  t o m a t o  h a s  a  p e r f e c t  f l o w e r ,  w i t h  m a l e  a n d  f e m a l e  o r g a n s  
b o t h  w i t h i n  t h e  s a m e  b l o s s o m  ( F i g .  2 0 ) .  T h e  s e x  o r g a n s  a r e  e a s y  t o  
t e l l  a p a r t  a n d  t h e r e f o r e  i t  i s  r e l a t i v e l y  e a s y  t o  c r o s s  t o m a t o e s .  
F o r  t h i s  e x p e r i m e n t ,  c h o o s e  t o m a t o e s  w i t h  t w o  d i f f e r e n t  f r u i t  
c o l o r s ,  s u c h  a s  r e d  a n d  y e l l o w .  I f  t h e  t o m a t o e s  a r e  p u r e ,  v a r i a t i o n s  i n  
c o l o r  w i l l  s h o w  u p  i n  t h e  F 2  g e n e r a t i o n .  A l o n g  w i t h  c o l o r  v a r i a t i o n s ,  
t h e r e  w i l l  p r o b a b l y  b e  c h a n g e s  i n  f r u i t  s h a p e  a n d  o t h e r  p l a n t  
c h a r a c t e r i s t i c s .  
P r o c e d u r e :  
1 .  P l a n t  t h e  s e e d  o r  y o u n g  p l a n t s  a n d  l a b e l  t h e  r o w s  s o  t h a t  y o u  
w i l l  k n o w  w h i c h  w i l l  b e a r  r e d  f r u i t  a n d  w h i c h  w i l l  b e a r  y e l l o w  f r u i t .  
T h e  t o m a t o  p r o d u c e s  f l o w e r s  f o r  s e v e r a l  w e e k s ,  s o  t h e r e  w i l l  b e  n o  
d i f f i c u l t y  i n  h a v i n g  p o l l e n  a n d  s e e d  p a r e n t s  r e a d y  a t  t h e  s a m e  t i m e .  
2 .  A s  s o o n  a s  t h e  f l o w e r s  t h a t  w i l l  s e r v e  a s  s e e d  p a r e n t s  b e g i n  t o  
o p e n ,  t h e  p l a n t  s h o u l d  b e  e m a s c u l a t e d .  T h e  s t a m e n s  a r e  f u s e d  t o  t h e  
p e t a l s ,  s o  a l l  y o u  n e e d  t o  d o  t o  e m a s c u l a t e  t h e  p l a n t  i s  t o  p u l l  o u t  t h e  
p e t a l s .  
S T I G M A  
\ ,  
T h e  r e p r o d u c t i v e  p a r t s  o f  t h e  
t o m a t o .  ( F i g .  2 0 )  
3 .  A f t e r  y o u  r e m o v e  t h e  s t a m e n s  f r o m  t h e  s e e d  p a r e n t s ,  c o v e r  t h e  
f l o w e r s  s e c u r e l y .  
4 .  T h e  p o l l e n  p a r e n t s  t h a t  y o u  w i s h  t o  u s e  s h o u l d  b e  i n  t h e  s a m e  
s t a g e  o f  o p e n i n g  a s  t h e  s e e d  p a r e n t s .  C o v e r  t h e  p o l l e n  p a r e n t s  a t  t h e  
s a m e  t i m e  t h a t  y o u  c o v e r  t h e  s e e d  p a r e n t s .  
5 .  A s  s o o n  a s  t h e  p o l l e n - p a r e n t  f l o w e r  i s  c o m p l e t e l y  o p e n ,  r e m o v e  
o n e  o f  i t s  s t a m e n s  w i t h  s c i s s o r s  o r  t w e e z e r s .  R e m o v e  t h e  b a g  f r o m  t h e  
s e e d  p a r e n t  a n d  g e n t l y  b r u s h  t h e  a n t h e r  a c r o s s  t h e  s t i g m a .  
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A tomato flower that has 
been emasculated, polli­
nated, and labeled. 
(Fig. 21 ) 
6. Replace the bag that was removed from the seed-parent 
flower. 
7. Label the flower that was pollinated (Fig. 21) and enter the 
cross in your record book. 
8. After a week remove the bag from the seed parent and leave 
it off. 
9. When the fruit is ripe, harvest and store the seeds for future 
planting and self -pollination (Fig. 22 ) . 
Harvest the tomato 
seeds and save them 
for planting next 
year. (Fig. 22) 
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C h r y s a n t h e m u m s  
C h r y s a n t h e m u m s  a r e  c o m p o s i t e  f l o w e r s .  I f  t h e y  a r e  n o t  a v a i l a b l e  
f o r  c r o s s i n g ,  y o u  c a n  u s e  a n y  o t h e r  c o m p o s i t e  f l o w e r ,  s u c h  a s  z i n n i a s  
o r  a s t e r s .  C o m p o s i t e  f l o w e r s  a r e  m o r e  d i f f i c u l t  t o  c r o s s  t h a n  c o m ­
p l e t e  o r  i n c o m p l e t e  f l o w e r s .  I f  y o u  a r e  c r o s s i n g  p l a n t s  f o r  t h e  f i r s t  
t i m e ,  i t  w o u l d  p r o b a b l y  b e  b e s t  i f  y o u  g a i n e d  e x p e r i e n c e  b y  f i r s t  c r o s s ­
i n g  a  s i m p l e r  f l o w e r ,  s u c h  a s  s q u a s h ,  i r i s ,  o r  l i l y ,  b e f o r e  t r y i n g  t o  
c r o s s  c o m p o s i t e  f l o w e r s .  
P r o c e d u r e :  
1 .  P l a n t  t h e  s e e d s  o r  y o u n g  p l a n t s .  M u m s ,  z i n n i a s ,  a n d  a s t e r s  
b l o o m  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d ,  s o  t h e r e  w i l l  b e  n o  d i f f i c u l t y  i n  
h a v i n g  p o l l e n  a n d  s e e d  p a r e n t s  r e a d y  a t  t h e  s a m e  t i m e .  
2 .  I m m e d i a t e l y  a f t e r  t h e  s e e d - p a r e n t  f l o w e r s  o p e n  a n d  b e f o r e  t h e  
p o l l e n  i s  m a t u r e ,  r e m o v e  t h e  d i s c  f l o r e t s  w i t h  t w e e z e r s .  A s  s h o w n  i n  
F i g .  3 ,  t h e  d i s c  f l o r e t s  a r e  i n  t h e  c e n t e r  o f  t h e  f l o w e r .  T h e y  a r e  e a s y  
t o  i d e n t i f y  b e c a u s e  t h e y  a r e  o f t e n  y e l l o w  i n  c o l o r  a n d  t h e y  h a v e  b o t h  
p i s t i l s  a n d  s t a m e n s ,  w h e r e a s  t h e  r a y  f l o r e t s ,  w h i c h  s u r r o u n d  t h e  d i s c  
f l o r e t s ,  h a v e  o n l y  p i s t i l s .  R e m o v e  s o m e  o f  t h e  r a y  f l o r e t s  n e a r  t h e  
W h e n  e m a s c u l a t i n g  c h r y s a n ­
t h e m u m s ,  m a k e  s u r e  t h a t  y o u  
r e m o v e  a l l  t h e  d i s c  f l o r e t s .  
( F i g .  2 3 )  
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Trim the ray florets for 
more effective pollination. 
(Fig. 24 ) 
center of the flower just to be sure that you haven't missed any of the 
disc florets. If any disc florets are left on the flower, the flower is 
likely to be self-pollinated (Fig. 23 ) . 
3. After removing the disc florets, cover the seed-parent flowers 
with bags. 
4. As soon as the flowers of the pollen parents open, cover them 
with bags. 
5. Pollination will be more effective if you trim the ray florets on 
the seed parents to just above the stigmas. This step can be done at 
any time after the disc florets are removed and before pollination 
takes place (Fig. 24). 
6. The flower is ready for pollination about four or five days after 
it opens. Shortly before you pollinate the flower, dip a camel-hair 
brush in alcohol and allow it to dry. 
7. Remove a flower from the pollen parent. With the camel-hair 
brush, gently brush the disc florets of the pollen-parent flower. The 
pollen should adhere to the brush. Then gently brush the trimmed 
ray florets of the seed-parent flower (see Fig. 13 ) . Each time you 
change pollen parents dip the brush in alcohol and let it dry. 
8. Replace the protective bags on the seed and pollen parents. 
9. Label the pollinated flower and enter the cross in your record 
book. 
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1 0 .  T h r e e  o r  f o u r  d a y s  l a t e r ,  r e p e a t  s t e p  7 .  B e  s u r e  t o  u s e  t h e  
s a m e  p o l l e n  p a r e n t  t h a t  y o u  u s e d  t h e  f i r s t  t i m e .  R e p l a c e  t h e  b a g  o n  
t h e  s e e d  p a r e n t .  
1 1 .  R e m o v e  t h e  b a g  f r o m  t h e  s e e d  p a r e n t  a b o u t  a  w e e k  a f t e r  t h e  
f i n a l  p o l l i n a t i o n .  
1 2 .  A f t e r  t h e  s e e d  h e a d  h a s  d r i e d ,  h a r v e s t  a n d  s t o r e  t h e  s e e d  
( F i g .  2 5 ) .  
E a c h  m a t u r e  r a y  f l o r e t  w i l l  
h a v e  a  s e e d .  H a r v e s t  t h e s e  
s e e d s  a n d  p l a n t  t h e m  n e x t  
y e a r .  ( F i g .  2 5 )  
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Helpful Books 
For further information on plant breeding the following books 
may prove helpful: 
1. 	Practical Plant Breeding, W. J. C. Lawrence, George Allen and 
Unwin Ltd., London, 1951. 
2. 1937 Yearbook of Agriculture, U. S. Department of Agriculture. 
3. Simple, 	Practical Hybridising for Beginners, D. Gourlay Thomas, 
John Gifford, Ltd., London,_1957. 
4. 	Plant Breeding for Everyone, John Y. Beaty, Charles T. Branford 
Co., Boston, 1954. 
5. 	 The Genetics of Garden Plants, M. B. Crane and W. J. C. Law­
rence, Macmillan Co., London, 1952. 
6. 	Handbook on Breeding Ornamental Plants, Brooklyn Botanic Gar­
den, Brooklyn, N. Y., 1959. 
7. 	 Plant Breeding and Cytogenetics, Fred C. Elliott, McGraw-Hill 
Book Co., New York, 1958. 
8. Methods of 	Plant Breeding, H. K. Hayes, F. R. Immer, and D. C. 
Smith, McGraw-Hill Book Company, New York, 1955. 
9. General Genetics, 	Adrian M. Srb and R ay D. Owen, W. H. Free­
man and Co., San Francisco, 1952. 
10. Vegetable 	and Flower Seed Production, Leslie R. Hawthorn and 
Leonard H. Pollard, The Blakiston Co., New York, 1954. 
11. Vegetable Growing, 	James S. Shoemaker, John -Wiley and Sons, 
New York, 1947. (Chapter 1 contains information on harvesting 
seeds. ) 
This 	 circular was prepared by J. D. BUTlER, Assistant in Horticulture, and 
N. F. OEBKER, Associate Professor of Horticulture. The authors express ap­
preciation to the following persons for their help in preparing this circular: 
D. F. DAYTON, Associate Professor of Plant Breeding; G. M. FOSLER, Instruc­
tor in Floriculture; and R. W. HEPLER, Research Associate in Horticulture. 
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E x p l a n a t i o n  o f  T e r m s  
A n t h e r  - T h e  p a r t  o f  t h e  s t a m e n  t h a t  d e v e l o p s  a n d  b e a r s  p o l l e n .  
C o m p o s i t e  f l o w e r  - A  c l u s t e r  o f  s m a l l  f l o w e r s  j o i n e d  t o g e t h e r  i n  a  
f l o w e r  h e a d ,  h a v i n g  e i t h e r  p i s t i l s  o n l y  o r  b o t h  p i s t i l s  a n d  
s t a m e n s .  
C r o s s - p o l l i n a t i o n  - T r a n s f e r  o f  p o l l e n  f r o m  t h e  a n t h e r  o f  a  f l o w e r  
t o  t h e  s t i g m a  o f  a  f l o w e r  o f  a n o t h e r  p l a n t .  
D i s c  f l o r e t  - A  s m a l l  f l o w e r  i n  a  c o m p o s i t e  f l o w e r ,  h a v i n g  s t a m e n s  
a n d  a  p i s t i l .  
E m a s c u l a t i o n  - R e m o v a l  o f  s t a m e n s  o r  a n t h e r s  t o  p r e v e n t  s e l f ­
p o l l i n a t i o n .  
F 1 ,  F  2 ,  e t c .  - D e s i g n a t i o n  o f  g e n e r a t i o n s  o f  p l a n t s .  F 1  i s  t h e  f i r s t  
f i l i a l  g e n e r a t i o n ,  F 2  t h e  s e c o n d ,  e t c .  
G e n e  - T h e  u n i t  t h a t  c a r r i e s  h e r e d i t a r y  t r a i t s .  
G e r m  c e l l - T h e  r e p r o d u c t i v e  c e l l  w h i c h ,  w h e n  u n i t e d  w i t h  a  
g e r m  c e l l  o f  t h e  o p p o s i t e  s e x ,  d e v e l o p s  i n t o  a  n e w  i n d i v i d u a l .  
I m p e r f e c t  f l o w e r  - A  f l o w e r  h a v i n g  s t a m e n s  o r  p i s t i l ,  b u t  n o t  b o t h .  
O v a r y  - T h e  e n l a r g e d  b a s e  o f  t h e  p i s t i l  i n  w h i c h  t h e  s e e d  d e v e l o p s .  
P e r f e c t  f l o w e r  - A  f l o w e r  h a v i n g  b o t h  s t a m e n s  a n d  a  p i s t i l .  
P i s t i l  - T h e  f e m a l e  r e p r o d u c t i v e  o r g a n ,  w h i c h  p r o d u c e s  f e m a l e  
g e r m  c e l l s  a n d  b e a r s  t h e  s e e d .  U s u a l l y  a  p i s t i l  h a s  a n  o v a r y ,  
a  s t y l e ,  a n d  a  s t i g m a .  
R a y  f l o r e t  - A  s m a l l  f l o w e r  i n  a  c o m p o s i t e  f l o w e r ,  h a v i n g  a  p i s t i l  
b u t  n o  s t a m e n s .  
S e l f - p o l l i n a t i o n  - T r a n s f e r  o f  p o l l e n  f r o m  t h e  a n t h e r  o f  a  f l o w e r  
t o  t h e  s t i g m a  o f  t h e  s a m e  f l o w e r  o r  o f  a n o t h e r  f l o w e r  o n  t h e  
s a m e  p l a n t .  
S t a m e n  - T h e  m a l e  r e p r o d u c t i v e  o r g a n ,  w h i c h  p r o d u c e s  m a l e  
g e r m  c e l l s ,  c a r r i e d  i n  p o l l e n  g r a i n s .  U s u a l l y  a  s t a m e n  h a s  a  
f i l a m e n t  a n d  a n  a n t h e r .  
S t i g m a  - T h e  s u r f a c e  o f  t h e  p i s t i l  o n  w h i c h  p o l l e n  g r a i n s  a r e  
d e p o s i t e d  i n  t h e  p r o c e s s  o f  p o l l i n a t i o n .  
S t y l e  - T h e  u s u a l l y  e l o n g a t e d  p o r t i o n  o f  t h e  p i s t i l  c o n n e c t i n g  t h e  
s t i g m a  a n d  o v a r y .  
U r b a n a ,  I l l i n o i s  
A p r i l ,  1 9 6 0  
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